The study of fish ponds have confirmed the presence of nine new locations of Anodonta woodiana in Poland, with strong and vital populations. These are examples of Chinese pond mussels accidentally introduced along with fish imports. Comparison of known localities shows that more mussels are in eastern Poland, from which the migration path of A. woodiana progresses. Most often mussels settle in larger water reservoirs with elongated shapes. Older and longer mussels occur in deeper fish ponds. Moreover, the further south the location, the higher biomass can be obtained.
INTRODUCTION
The impact of alien species constitutes now -on a global scale -the largest, in addition to loss of habitat, threat to biodiversity (Głowaciński et al. 2008) . One of the main actions should be the collection and exchange of information about alien species, in order to ensure up-to-date monitoring of their spread and to determine their potential impact on native species. One of the species that spreads on a large scale is the Chinese pond mussel Anodonta woodiana (Lea, 1934) (the scientific name is used according to Graf 2007) , which departed from its natural range in eastern and south-eastern Asia, and appeared along with farmed fish transported both to Europe and to America (Watters 1997) . In Europe it was first discovered in Romanian fish farms in 1979 (Sarkany-Kiss 1986) . The first data (only empty shells) on the distribution of A. woodiana in Poland were reported by Bőhme (1998) . The first stable population in Poland was recorded by Zdanowski (1996) . Its presence was restricted to reservoirs with water at elevated temperatures coming from the Konin power plant. Newer data show, however, that this mussel had spread to waters with a natural thermal regime by 1992 (Urbańska et al. 2012) .
The goal of this work was to characterize new locations of Chinese pond mussel in Poland in order to determine the conditions that facilitate colonization.
MATERIALS AND METHODS
The most recent locations were discovered through our ongoing work, which has involved monitoring potential occurrence positions, distributing questionnaires to fish producers, lecturing at conferences, and conducting personal meetings. Data have been collected from across Poland since 2010. The information obtained in this way was verified in each case. In order to determine the new positions of the Chinese pond mussel, questionnaires were sent to 250 fish farmers in Poland (Andrzejewski, Urbańska 2010) . Locations identified through the questionnaires were then confirmed on site. Biometric measurements of the shell length were taken using the Helios electronic calliper with 0.01 mm accuracy. The mass and age of the mussels were also determined (Piechocki, DyduchFalniowska 1993) .
Eleven fish ponds with the most precise data were analyzed statistically. Additionally we defined two synthetic indices. One combines number of specimens found in a fish pond and the average length of a mussel shell:
The other is directly proportional to an estimation of biomass from all specimens:
The basic statistics of these indices are presented in Table 1 .
In order to reduce the number of variables describing the water reservoirs where A. woodiana has been discovered, and simultaneously to identify the structural characteristic in the relationships between variables, factor analysis was applied for the variables in Table 2 . Through factor analysis, we combined correlated variables into factors (or principal components). The extraction of principal components is equivalent to a variance maximizing rotation of the original variable space.
The shape index is expressed by where A is the area of a water reservoir and P is the periphery of a square or a circle with an area equal to that of the water reservoir.
Next, to evaluate the influence of habitats on mussel populations, multiple regression using a stepwise model was executed. In this technique we consider how a set of k independent variables Xi affects a dependent variable Y. The linear model of the multiple regression is illustrated in the form of the following equation:
βi is a model parameter (regression coefficient) that expresses the influence of the i-th variable (Xi). It represents the independent contributions of each independent variable Xi to the prediction of the dependent variable Y. Derived βi is a constant and ε is a random element that represents a fitting error.
The basic procedures of building the stepwise model involve: (1) identifying an initial model, (2) iteratively "stepping" by repeatedly altering the model at the previous step by adding or removing a predictor variable in accordance with the "stepping criteria", and (3) terminating the search when stepping is no longer possible given the stepping criteria, or when a specified maximum number of steps has been reached.
In order to generalise the results of the multiple regression analysis by detecting relationships between conditions of mussel populations and of water environments where they live, the canonical analysis was also performed. This means we investigated the relationships between two sets of variables. The first set with response variables comprises data about mussel populations. The second one with explanatory variables consists of variables describing water reservoirs. Variables were taken from the built regression models {model} that were the most significant based on the coefficient of determination (R 2 ) and had the acceptable statistical significance p-value. However, we excluded models defined for SI variables ({SI = model(.)}) because these indices already combine two rough variables. So the set of valid models comprises all models except models derived for SI variables:
Into the response set we added dependent variables of highly determined valid models with 2 ≥ 0.9 and < , where α is the acceptable error level of p-value. Then, into the explanatory set we were consecutively including the first variable that had been added to each valid model in the first step of the multiple regression. If it was a factor from the factor analysis or an SI variable, it was expanded to rough variables. Therefore, we assumed that variables for this analysis would meet the following criteria:
where: m is the consecutive number of a model within the set of N valid models, N =| | is the cardinality of valid models, vi is a variable in m-th model Vm(⋅), v Y is a dependent variable of Vm(⋅), v X is an independent variable of Vm(⋅), k is the number of rough variables included in the variable v1 separated as the first one in the regression if it is a factor or SI variable.
It means that we limit the degrees of freedom in this analysis taking only explanatory variables that are the most correlated with the response variables and belong to highly determined models with 2 ≥ 0.9 and < . The results are presented in the form of tree clusters of both sets of variables using unweighted pair-group centroid as amalgamation, and 1 -r Pearson correlation as the distance measures. In this approach to amalgamation, the distance between two clusters is determined as the difference between centroids that are the centers of gravity for the respective clusters. The Pearson correlation coefficient r is calculated from the sample values and their standard deviations.
RESULTS
Studies of abundance in carp fish ponds confirmed the differential distribution of the Chinese pond mussel at nine new sites in Poland. Morphological characteristics of the fish ponds and the Chinese pond mussels found in these locations are presented in Table 3 and the locations of the Table 2 Characteristics of the new locations where the occurrence of Chinese pond mussels in Poland was discovered. ponds are shown in Fig. 1 . In Table 4 the data about previous locations are put together.
Identification of main environmental variables based on factor analysis
According to the scree test (Fig. 2) proposed by Cattell (1966) to resolve the number of factors, four factors were selected, interpreted, and used in the factor analysis that was based on principal components as a method of the extraction. However due to the number of valid cases taken by algorithm of factor analysis, the final number of factors was three. All of them extract almost 79% of the variance of the analysed variables (Table 5) .
Factor 1 extracts almost 31% of the variance. It differentiates depth and type of bed. Factor 2 is related to the area of a water reservoir. This factor is responsible for over 27% of the variance. Factor 3 explains over 20% of the variance. Its factor loadings indicate the type of water source and events of draining.
In Fig. 3 the factor values of Factor 1 vs. Factor 2 are presented together with values of thickness of sediment. One can distinguish two sets of fish ponds with thin (<20 cm) and thick (≥20 cm) average sediments.
Modelling of population features using linear regression
Using stepwise regression, the independent variables for a linear model were determined that significantly affect the average age of mussel, the number of mussels, the average length of shell, and the average mass of mussel. These variables were Factor 1, Factor 2, and Factor 3 from the factor analysis (previous subsection) as well as both shape indices, location positions, and both variables determining isolation level of habitat described in Table 6 . On the basis of the coefficient of determination (R 2 ) the number of mussels is explained in above 99% of cases by distance from the nearest larger water reservoir, Factor 3, longitude, shape index to square, and distance from the nearest water reservoir. The age of mussels can be determined in almost 92% by Factor 1, Factor 3, and longitude of the location. The length of shell is (Spyra et al. 2012) , and the new locations in ponds from 1 to 9. Location H is approximate due to lack of accurate data.
Table 4
A summary of literature data on the prevalence of the Chinese pond mussel in Poland before 2011.
Location
Lake Czarny Młyn*
New Spytkowski Lake
Lakes Górny Śląsk (Upper Silesia)
Samita Lake* Czesławicki Lake* The River Narew
The "dump" channel Lower
Oder River
The in above 75% by Factor 1 and latitude, but then the p-value is greater than the assumed statistical significance level α = 0.05. However, if regression is done with the synthetic index SIl that joins the length of shell and number of specimens, the p-level is about 0.03 (p < α).
Using linear regression for model 1 that is the best fit, the tolerance measures are the least for Factor 3 and NEA variables. It means that their contribution to the regression model may be redundant. However the variance inflation factor (VIF) that quantifies the severity of multicollinearity is above 7 for both variables. Thus, multicollinearity is not disturbed. Factor 3 has a greater partial R and semi-partial R than the NEA variable. This denotes that the former explains more variance of the dependent variable then the latter.
Variables hierarchy based on canonical analysis
Taking variables according to the procedure presented in the 'Materials and methods' section that met definition (4), the response set comprised the number of mussels (model 1) and the age of mussels (model 2), and the explanatory set contained GRE, DEP and BED variables (the last ones are from Factor 3). We obtained two significant canonical roots. For the first canonical variate, the number of mussels and the GRE variable have the greatest absolute values of canonical weights. Therefore, it can be deduced that the correlation between these variables affects the canonical correlations between both sets of data. In the case of the second canonical variate, age of mussels and the BED variable have the greatest contribution to it. Variance extracted for the first canonical variate that is statistically significant with p ≈ 0.2, is equal to 50% for the response set, and 32% for the explanatory set. This synthetic index designates how much variance each canonical root explains in the variables in the set. In turn, the redundancy for both sets is 49% and 32%, respectively. This measure explains how redundant (in the variance) one set of variables is, given the other set of variables. Thus, in this case of the first canonical variate, using variables of the explanatory set makes it possible to explain 49% of variance of variables in the response set. These relations are shown in Fig. 4 . The type of bed (BED) affects the average age of mussels, and the distance from the nearest larger water reservoir (GRE) has an effect on the number of mussels.
The new locations of the Chinese pond mussel in fish ponds have shown both common and different characteristics. Due to commercial use, most of the ponds have a relatively even and shallow depth and a eutrophic character. Only the Wojnowice pond is filled with water pumped from a field channel; water to the other ponds comes from rivers and streams. However, the management of the ponds is very diverse. Five of these ponds are drained regularly. The water is usually drained in the autumn and filled again in early spring. Some A. woodiana individuals move along with the draining water, and bury themselves in slimy pits near the drainage ditch, and some of them die (dry), especially if they find no possibility of penetrating the sediments. This may be a factor in reducing the size of the population, but seeing as this procedure is performed regularly at the ponds it clearly does not result in a permanent loss of population. The bottoms of the ponds display a variety of organic and mineral composition, but are devoid of rocks and human-made structures and usually have a very limited littoral zone. The most common bottom type is sandy-silty. It was found that in ponds with heterogeneous bottom compositions, more individuals live in the sandy areas, bypassing muddy and organic zones.
On one hand, the factor analysis reduced the number of variables to three, and on the other hand, classified the fish ponds into two sets determined by two factors and differentiated by thickness of sediment (Fig. 3) . Such an approach simplifies further analysis and gives the first evidence of relations among the independent variables.
Using multiple regression it can be concluded that the number of mussels is dependant on longitude and the presence of other larger water reservoirs nearby. There are more mussels in the east (greater longitude) where the migration path of A. woodiana progresses from. Next, the results demonstrate that larger water reservoirs constitute better conditions for settlement. The less square a water reservoir is, the greater the number of mussels it has. Older and longer mussels occur in deeper fish ponds. Moreover, southern ponds produce more biomass.
The average age of mussels in a fish pond depends on its type of bed and depth, however the latter has a lesser influence.
It is surprising that even in complexes of several ponds fed by the same watercourse, the Chinese pond mussels occurred only in one pond (e.g. Pond Jedynka). Both the temperature and water quality control in the adjacent ponds of the complex as well as the method of usage are comparable and therefore do not seem to be factors determining whether mussels are present or not. In the case of Pond Jedynka, which is located in a complex of 11 ponds, the owner himself moved the Chinese pond mussels into other ponds belonging to him in this complex, yet they did not create a viable population, and the species still remains only in Pond Jedynka (Stec -anecdotal reference). 
DISCUSSION
Before 2012, the presence of the Chinese pond mussel had been confirmed in 10 locations (Bőhme 1998; Domagała et al. 2004; Gąbka et al. 2007; Kraszewski 2007; Mizera, Urbańska 2003; Najberek et al. 2011; Ożgo et al. 2010; Spyra et al. 2012; Urbańska et al. 2011; Zdanowski 1996) (Fig. 1) . The newest data from other European countries mention Anodonta woodiana as an abundant invasive species. For example, in Italy (Ciutti et al. 2011) , Chinese pond mussel is the most rapidly spreading alien species and it has colonized eight Italian regions. In Croatia it was recorded at 54 localities.
This species in Poland is mostly present in fish ponds, whereas current data from other countries, including Croatia (Lajtner, Crčan 2011) , Italy (Ciutti et al. 2011) , and the Czech Republic (Douda et al. 2012) , report their presence in lowland rivers, canals, and wetlands as well.
Pond depth is certainly a characteristic that has an impact on the mussels. Kraszewski and Zdanowski (2007) report that in the heated lake system of Konin (central Poland) the Chinese pond mussels usually inhabit areas with a depth of 1.5 to 2.5 m, i.e. the layers of rapidly heating water, which seasonally can reach temperatures above 25ºC. Thus, however diverse, small maximum depths of ponds inhabited by the Chinese pond mussel (average = 2.38 m, SD = 0.57 m, median = 0.32 m) may be relevant to their occurrence.
According to Kraszewski and Zdanowski (2007) , the Chinese pond mussel also avoids rocky bottoms and macroliths, so their absence is another feature that might contribute to the presence of this species in fish ponds and their presence on the entire bottom surface. Other data from three fish ponds in Poland did not confirm a significant correlation between mollusc density and sediment grain size (Spyra et al. 2012) .
Like Kraszewski and Zdanowski (2001) and Spyra et al. (2012) , we also recorded the presence of dense vegetation as the limiting factor for A. woodiana presence.
The studied fish ponds are generally of the eutrophic type and cyanobacterial blooms were observed at all but three sites. Research into the natural coverage area of the Chinese pond mussel has shown (Du et al. 2011 ) that this factor need not have a significantly adverse influence on this species, because it is still common even in highly eutrophicated sites. Additionally, in Romania A. woodiana has a much higher tolerance of hypoxia and pollution than native species (Sîrbu et al. 2005) .
It seems that A. woodiana is more numerous in habitats rich in nutrients -such as fish ponds and lowland floodplains (Paunovic et al. 2006) , but data on its occurrence in the La Garda lake (Cappelletti et al. 2009 ) and in ponds in Sweden (Von Proschwitzn 2008) again question this view.
The above data indicates that the species is spreading quickly, although the specific factors that cause its settlement success are still unknown. Until recently it was thought that the main factor limiting its occurrence was the low temperature restricting the presence of adults (Kraszewski 2007) and rendering gametes unable to ripen (Galbraith, Vaughan 2009 ). However, research conducted by Douda et al. (2012) in the Kyjovka River in the Czech Republic suggests that the temperature does not need to play a significant role in determining the occurrence of the Chinese pond mussel. In addition, Corsi et al. (2007) reported the presence of enzymes that give abilities to cope with inadequate environmental conditions.
The main culprits in the spread of Chinese pond mussels are still humans. People often move single specimens to water gardens and ponds because of the widespread view that the mussels are filter feeders that may help keep the water clean. Sale offers of both individual specimens and large quantities of this species can be found both on the Internet and at markets. For example, in Poland at markets near the Konin lakes, where the Chinese pond mussel occurs in very high densities, it is sold on a weekly basis as water garden fauna. Therefore, a further increase in the number of this species in Polish waters is to be expected. Similar operations were observed in Germany (Wirtz 2011) .
As research shows, new locations of the Chinese pond mussel are found not only in Poland but also throughout Europe. These are not limited to stagnant waters, but also include flowing water (Douda et al. 2012) . As some authors warn (Beran 2008; Cianfanelii et al. 2007; Douda et al. 2012) , the appearance of A. woodiana in big numbers in the waters inhabited by native Unionidae species can threaten the native fauna, and the small selectivity of glochidia for host selection (Douda et al. 2012 ) is another feature of this species which allows for a smooth spread. Therefore, understanding the factors allowing this species a persistent colonization is crucial, as this may in future help to protect native species.
